We present a retrospective review of 8 patients (6 women and 2 men, with an age range of 46-80 years; mean age, 60.2 years) in whom sonography was used to diagnose a calcaneal stress fracture. Sonography was performed because of a clinical suspicion of soft tissue injuries. Two patients were first assessed by standard radiography; for the remaining patients, sonography was the first imaging technique used. Patients were subsequently examined by magnetic resonance imaging, except for 1 patient in whom the diagnosis was made only on a clinicalsonographic correlation. On sonography, there was thickening of the periosteum and subcutaneous edema in all patients; a calcified bone callus was evident in none of the 8 patients. Cortical irregularities were found in 6 of 8 patients. Color Doppler imaging showed local hypervascular changes of the periosteum in all patients. Sonography, together with clinical findings, can be used to diagnose a calcaneal stress fracture. We suggest that sonologists should include a calcaneal stress fracture in their differential diagnosis in cases of mechanical hind foot pain. They must also include, as a part of every sonographic examination of the ankle, an examination of the calcaneus and be aware of the sonographic appearance of stress fractures. If the diagnosis is still uncertain after the sonographic examination, magnetic resonance imaging should be prescribed.
T
here are 2 types of stress fractures: fatigue fractures and insufficiency fractures. Fatigue fractures are consequences of excessive repeated local loading applied to a healthy bone, whereas insufficiency fractures result from a normal local load on an abnormally weak bone. 1 Because the calcaneus supports high loads during walking and sports activities, it is not surprising that it can be affected either by fatigue fractures, especially in distance runners and military recruits, or by insufficiency fractures, which are typically observed in osteoporotic patients. In both types of fractures, the diagnosis is frequently suspected by local mechanical pain during weight bearing and local soft tissue swelling. 2 The distinction between a fatigue fracture and an insufficiency fracture is not always straightforward; both can develop simultaneously in the same patient. In a fatigue fracture, an insufficiency factor often contributes to the fracture and vice versa. stress fractures (eg, periosteal reaction) are often not seen on radiographs within the first several weeks of symptoms. Computed tomography is rarely performed obtained in calcaneal stress fractures. Magnetic resonance imaging (MRI) is the imaging reference standard, 4 but it is expensive and not always widely available. Bone scintigraphy is highly sensitive but is not specific, 4 Although sonography is not a first-line modality for assessing bones, it can adequately judge the bone surface, periosteum, and adjacent soft tissues. Several studies have shown the ability of sonography to show stress fractures in different locations. 5, 6 To the best of our knowledge, there is only 1 published case report on the sonographic appearance of calcaneal stress fractures. 7 We present a retrospective review of 8 patients in whom sonography was performed because of a clinical suspicion of soft tissue injuries. In all patients, sonography allowed depiction of pathologic changes of the calcaneus suggestive of a calcaneal stress fracture without substantial alterations of the soft tissues other than those caused by bone changes. The diagnosis was later confirmed in 7 of 8 patients by MRI and in all cases by clinical follow-up.
Materials and Methods
This work does not contain any studies with human participants performed by any of the authors. We performed a retrospective analysis of the teaching files (from the last 4 years) from the same institution (Cabinet Imagerie M edicale), which included 8 cases of calcaneal stress fractures diagnosed with sonography. The teaching file report database was searched for 2 key words: "ultrasound" and "calcaneus fracture." Inclusion criteria were diagnosis of calcaneus fracture on sonography with confirmation on MRI or clinical confirmation. Histories of a calcaneal fracture or calcaneal surgery were considered exclusion criteria.
The 8 patients underwent sonographic examinations of the ankle to assess possible periarticular soft tissue injuries due to persistent mechanical pain at the posterior ankle. Sonography was performed for a variety of clinical suspicions, including local bursitis, Haglund disease, Achilles tendonitis, peroneal tendinitis, and focal edema. In no patient was a calcaneal stress fracture suspected on the basis of clinical evidence. All patients had a history of mechanical pain in the posterior ankle region. Three patients were referred by orthopedic surgeons, 3 by rheumatologists, and 2 by a general practitioner. Standard radiographs were used to assess 2 patients (cases 1 and 4) before sonography. In the remaining patients, sonography was the first imaging technique used.
The same musculoskeletal radiologist, with 30 years of experience in musculoskeletal sonography, performed all sonographic examinations. Commercially available ultrasound equipment (iU22; Philips Healthcare, Bothell, WA) with 17-5-or 12-5-MHz electronic linear transducers was used. After adequate optimization of equipment parameters for assessment of superficial tissues, the ankle and foot regions were assessed by a standard technique. 8, 9 We used a generous amount of coupling gel. No standoff pad was used. The patient lay on the examination table in the dorsal decubitus position with the knee extended. The foot and ankle were examined in internal and external rotation and on axial, sagittal, and coronal planes. Color Doppler imaging was performed in all patients. Once a calcaneal stress fracture was suspected, a more detailed study of the calcaneal surface, targeted to the most painful aspect of the calcaneus, was performed to assess the periosteum, bone surface, adjacent soft tissues, and local vascular changes on color Doppler imaging more precisely. All of the sonograms and videos were reviewed on our picture archiving and communication system. In grayscale examinations, we assessed and measured the thickening (in millimeters) of the calcaneal periosteum, presence of a calcified bone callus (yes of no), cortical irregularities (1, minimal; 2, medium; or 3, severe), and subcutaneous edema (1, minimal; 2, medium; or 3, severe). With color Doppler imaging, we evaluated hypervascular changes of the periosteum, subcutaneous soft tissues, and intraosseous flow signals by using a semiquantitative scale (1, minimal; 2, medium; or 3, severe).
In all but 1 patient (case 6), the sonographic diagnosis was confirmed by MRI, which was performed within 10 days after sonography. Magnetic resonance imaging was performed with 1.5-T equipment using a standardized ankle protocol, including sagittal proton density-weighted and short-tau inversion recovery images, axial oblique fat-saturated proton densityweighted images, coronal T1-weighted images, and fatsaturated T2-weighted images. In 1 patient (case 2), 5 mL of Dotarem (acidum gadotericum; Guerbet AG, Zurich, Switzerland; 0.5 mmol/mL) was injected. Two patients (cases 1 and 4) had negative standard radiographic findings before the sonographic assessment. One patient (case 5) had standard radiographs after sonography, showing a calcaneal stress fracture. One patient (case 6) had no additional imaging studies. Standard radiographs were obtained by using a routine technique including anteroposterior and lateral views.
All patients were treated with rest and nonsteroidal anti-inflammatory drugs. They were contacted afterward by phone, and all had good outcomes without any substantial ankle pain or functional limitation.
Results
The 8 patients included 2 men and 6 women (age range, 46-80 years; mean age, 60.2 years). The retrospective analysis of the patients is summarized in Table 1 . The left ankle was affected in 5 patients and the right ankle in 3 patients. Insufficiency fractures were found in 7 patients (cases 1-7), and 1 patient (case 8) had a fatigue fracture.
On sonography, thickening of the periosteum ranged from 1 to 3 mm (mean, 1.6 mm; Figures 1-4) . The periosteum was seen as an irregular hypoechoic band located in close contact and superficial to the cortical surface of the calcaneus under the subcutaneous tissues. No calcified bone callus of the periosteum was evident. No cortical irregularities were found in 2 patients (cases 4 and 8); 5 patients showed minimal irregularities of the calcaneal surface; and in 1 patient (case 3), irregularities were graded as medium. Irregularities were mainly seen as surface erosions: ie, irregular focal thinning of the hyperechoic line corresponding to the calcaneal bone cortex. In 6 patients (cases 2, 3, and 5-8), substantial subcutaneous edema was found. Subcutaneous edema was intermediate in the 2 remaining patients (cases 1 and 4). The edema appeared on sonography as thickening and hyperechoic infiltrations of the subcutaneous fat. Color Doppler imaging showed variable hypervascular changes of the periosteum in all patients. The changes were assessed as minimal in 2 patients (cases 1 and 5), intermediate in 1 patient (case 8), and severe in the remaining 5 patients (cases 2-4, 6, and 7). Three patients (cases 1, 5, and 8) showed minimal hypervascularity of the subcutaneous tissues; 1 patient had intermediate hypervascularization (case 4); and the remaining patients had severe hypervascularization (cases 2, 3, 6, and 7). Subcortical hypervascular changes were absent in 4 patients (cases 1, 4, 5, and 8). In the other 4 patients (cases 2, 3, 6, and 7), color Doppler imaging showed flow signals in the subcortical bone by entering the bone though the focal cortical irregularities.
As mentioned earlier, a calcaneal stress fracture was not suspected on the basis of clinical evidence in any patient in this series. In 1 patient (case 1), sonography showed an irregular appearance of the lateral ligaments due to an old trauma. For all of the other patients, there were no signs of Achilles tendon abnormalities or adjacent bursitis.
Magnetic resonance imaging was performed in all but 1 patient (case 6) and confirmed the sonographic diagnosis in all cases. In all patients, MRI showed a line located in the trabecular calcaneus, which was hypointense in all sequences, surrounded by an area of an abnormal bone marrow signal due to local edema (hypointense on T1-weighted images and hyperintense on fluid-sensitive images). Edema of subcutaneous soft tissue was present in all patients and was better seen as hyperintense local infiltration on fat-suppressed images. No local hematoma was noted. Magnetic resonance imaging did not show other pathologic findings in 7 patients (cases 2-8) and confirmed the sonographic abnormalities of the external ligaments observed on sonography in case 1.
Discussion
Stress fractures occur when bones are submitted to repetitive loads. 10, 11 Depending on the attributes of the bone affected, stress fractures can be divided into fatigue and insufficiency stress fractures. Fatigue stress factors affect a normal bone and are classically seen in elite, professional, or recreational athletes performing longdistance and high-impact leg exercises in their activities. These patients are classically high-level sports participants with strenuous activity who are enrolled in competitions. 12, 13 More recently, because of the involvement of a larger portion of the population in sports, stress fractures are frequently seen in "weekend" sports participants who practice sports without proper training and conditioning. Insufficiency stress fractures, on the contrary, affect patients with weak bones due to idiopathic osteoporosis or a variety of conditions such as secondary osteopenia, metabolic disorders, and rheumatoid arthritis. The frequency of insufficiency stress fractures is also raising, mainly because of aging of the population and more active lifestyles of elderly individuals. The lower extremities are most frequently affected by stress fractures because they are submitted to weight bearing. 14, 15 The most common site is the tibia, followed by the tarsals, metatarsals, femur, fibula, pelvis, plantar sesamoids, and spine. 12 The main clinical symptom of a stress fracture is localized mechanical pain, which is increased by local loading and relived by rest. Typically, night pain is absent. Physical examination shows swelling of the adjacent soft tissues and tenderness on local bone palpation. A careful history is of the utmost importance, since patients usually report recent changes in their physical activity that can explain the occurrence of a stress fracture. These changes typically include increases in training in view of a competition 12 and changing of a sport but also, in the case of insufficiency stress fractures, increased walking (eg, secondary to touristic trip). There is no doubt that a careful history and a well-performed physical examination are essential in the diagnosis of stress fractures. An imaging technique is nevertheless almost always used to confirm the clinical suspicion and to start adequate treatment. In high-level athletes, early Grayscale (A) and color Doppler (B) coronal sonograms, axial oblique fat-saturated proton density-weighted MRI (C), and sagittal short-tau inversion recovery MRI (D) obtained over the calcaneal medial face in case 8. Sonograms show the thickening (white arrowhead) and hypervascular changes (small black arrowheads) of the calcaneus periosteum (Calc). Note the presence of edema (curved white arrow) and hypervascular changes (large black arrowheads) of subcutaneous tissues. Also, note the absence of calcified bone callous or cortical irregularities (straight white arrow). Magnetic resonance imaging shows a thin hypointense trabecular line (black arrows) corresponding to the fracture line surrounded by bone marrow edema (asterisk) and inflammation of local periosteum and adjacent soft tissues (curved white arrow).
detection of stress fractures can lower morbidity and the risks of complications. [15] [16] [17] The mainstay of stress fracture treatment is lowering the mechanical load on the affected extremity to allow natural healing of the fracture. Depending on the patients, this healing can be obtained with simple rest, avoidance or reduction in sports activity, temporarily changing a sport, and walking with crutches. 18, 19 In sports medicine, the use of nonsteroidal antiinflammatory drugs remains controversial because of their effects on bone healing and potential for masking pain symptoms and prolonging recovery. In patients with insufficiency stress fractures, investigations targeted to detection of an underlying bone disorder must be started if not known. 11 Although imaging studies are essential in the detection and assessment of stress fractures, return to previous activity depends mainly on clinical findings (ie, reduction or disappearance of pain). Standard radiographs can be obtained in select patients with persistent pain despite treatment to exclude the possibility that the fracture is not progressively impacting or completing.
A variety of imaging techniques allow assessment of stress fractures. Standard radiographs are usually obtained as a first-line examination, but results are negative initially, with sensitivity that may be as low as 12%. 4 They are useless for follow-up. Computed tomography has utility in some situations, such as longitudinal fractures of the tibia, but otherwise has very low sensitivity (32% 20 compared with MRI (ranging from 68% 21 to 99% 22 . Bone scintigraphy is very sensitive (ranging from 50% 23 to 97% 24 but lacks specificity. 25 Magnetic resonance imaging is the best imaging modality for early detection of stress fractures because of its possibility to show bone marrow edema, the fracture line, and edema in the adjacent soft tissues. 4, 26 Nevertheless, it remains expensive in certain countries and less available worldwide than sonography.
Sonography can image the bone surface as a hyperechoic regular line with posterior acoustic shadowing. 7 Focal interruptions of the bone surface can be detected and correspond to channels of the nutrient vessels. The normal periosteum, depending on its thickness, can sometime difficult to assess by sonography. Due to its tomographic capabilities, sonography can show acute fractures that are difficult to image on radiography and can show a variety of stress fractures. 7, [27] [28] [29] [30] [31] [32] [33] [34] A recent study on sonographic and radiographic capabilities in the early detection of metatarsal stress fractures showed that sonography had sensitivity of 83% and specificity of 76% (correlated with MRI) and that sonography was more sensitive than standard radiography for this purpose. 5 In our small cases series on calcaneal stress fractures, sonography showed subcutaneous edema, thickening of the periosteum, cortical bone irregularities, and local hyperemia on color Doppler imaging. These characteristics resemble those described in previous studies for metatarsal 5, 35 and ankle malleoli 36 stress fractures. The similar sonographic features between stress fractures of the malleoli and calcaneus are not surprising, since in the sports and orthopedic populations, these conditions are often on a continuum rather than truly separate entities. It must be stressed that, even if highly suggestive, the sonographic appearance is not specific and cannot be differentiated from that of osteomyelitis or even bone neoplasia. A high degree of correlation with clinical findings is necessary to diagnose a calcaneal stress fracture on sonography.
Similarly to the investigation of metatarsal stress fractures by Banal et al, 5 we propose that plain radiography should be the first imaging study when a calcaneal stress fracture is suspected clinically, as it is very accessible, is inexpensive, and can eliminate other diagnoses. If the diagnosis is still doubtful, especially for elite and professional athletes with competitions and careers at stake, sonography should be the second imaging study, as it is inexpensive, widely available, nonirradiating, and patient friendly. In addition to showing the pathologic bone appearance, sonography allows a very accurate assessment of the pericalcaneal soft tissue, including tendons, the plantar fascia, and joints. We believe that the absence of notable lesions of these structures together with depictions of bone changes in the proper clinical setting is the key for a sonographic diagnosis of a calcaneal stress fracture. As for metatarsal fractures, sonography may be more sensitive than plain radiography for detecting calcaneal stress fractures. However, further studies, ideally prospective, that include a greater number of patients should be conducted to demonstrate its superior sensitivity. Magnetic resonance imaging should be the next imaging modality if the diagnosis is still doubtful and sometimes for high-level athletes. We suggest that when a calcaneal stress fracture is suggested by sonography, and if the clinical evolution is favorable, no other imaging studies should be performed. However, if it is not, follow-up imaging studies, usually MRI, should be performed to investigate the evolution of the stress fracture and to eliminate another diagnosis.
In our small series, 5 patients were referred for suspected tendinopathy. None of them had any tendon lesion or any other abnormalities of adjacent structures (except for stress fractures). Thus, in our series, sonography allowed us to change the initial diagnostic impression and to adjust the treatment plan for all patients.
In conclusion, sonologists should include calcaneus stress fractures in their differential diagnosis for patients presenting with mechanical hind foot pain. They must also include, as a part of every sonographic examination of the ankle region, assessment of the calcaneus and be aware of the sonographic appearance of stress fractures. If the diagnosis is still uncertain, MRI should be prescribed.
